The following was presented at DMT’13
(June 2-5, 2013, Golden, CO).

The contents are provisional and will be
superseded by a paper in the
DMT’13 Proceedings.

See also earlier Proceedings (1997-2012)
http://ngmdb.usgs.gov/info/dmt/
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State-Wide Stereo Model Coverage

In 1990, the Utah Geological Survey
began using photogrammetry technology

to map the geology of Utah.




State-Wide Stereo Model Coverage

What 1s photogrammetry?

The science of making reliable and
precise 3-D measurements by the use
of sterco aerial photographs.




Analytical Photogrammetry

Our First Phase

Analytical Photogrammetry:

Stereoplotter and VrOne Software




Analytical Photogrammetry

B i Nl
With a special legislative appropriation, the UGS
purchased an analytical stereoplotter, the Alpha 2000.




Analytical Photogrammetry
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Three orientations:
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Analytical Photogrammetry

Three orientations:
Inner Orientation

Relative Orientation
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Analytical Photogrammetry

Three orientations:
Inner Orientation
Relative Orientation
Absolute Orientation




Analytical Photogrammetry

GEOLOGICAL SURVEY




Analytical Photogrammetry

This 1s what you see on the applications computer screen.
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Digital Photogrammetry

Next Phase

Digital Photogrammetry:

Vr1lwo




Digital Photogrammetry

Scan aerial photos at
high-resolution

(>1000pp1)

“9.27in, $9.27in. 9170 x 9170 pixels 240.58 MB




Digital Photogrammetry

* Same ground control as with analytical




Digital Photogrammetry

» Same ground control as with analytical

* Use TIF image files mstead of paper prints




Digital Photogrammetry

» Same ground control as with analytical

* Use TIF image files mstead of paper prints
as before!
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-
2
&

—

N

)
S
O,

GEOLOGICAL SURVEY




Digital Photogrammetry
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This is what you see on the CRT monitor.




Digital Photogrammetry

Great Technology but. ..

e Still need to locate and purchase suitable aerial photos
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Digital Photogrammetry

Great Technology but. ..

e Still need to locate and purchase suitable aerial photos

o Still need to establish ground control for each project

» Scanning and 1mage processing 1s time-consuming

e Full process is still labor intensive, but is a great benefit
for geologic mapping

* Any way to streamline the process?




Digital Photogrammetry

Fortunately. ..yes!

[et’s look at the origin of the nation-wide digital orthophotos




Digital Photogrammetry

National Aerial Imagery Program
(NAIP)

* A federal government contract program where every year approx.

1/3 of the nation 1s covered with new stereo aerial photography; so
every state 1s covered on a 3-year cycle.
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Digital Photogrammetry

National Aerial Imagery Program
(NAIP)

* A federal government contract program where every year approx.
1/3 of the nation 1s covered with new digital stereo aerial photos; so
every state 1s covered on a 3-year cycle.

* Utah was covered 1in 2006, 2009, and again in 2011.

* This digital stereo aerial imagery 1s used to produce the 1-meter
digital orthos for each state; a separate product.
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2009 Utah NAIP Imagery

* Contracted to Surdex Corp., Chesterfield, MO
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2009 Utah NAIP Imagery
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* Imagery acquired with the Z/I DMC II digital frame aerial camera
from Z/I Imaging Corp. Flown June through August, 2009.
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NAIP Imagery Program

2009 Utah NAIP Imagery

* Contracted to Surdex Corp., Chesterfield, MO

* Imagery acquired with the Z/I DMC II digital frame aerial camera
from Z/I Imaging Corp. Flown June through August, 2009.

* Image resolution 1s 12-microns or 2117 ppi.

* Nominal photo scale 1s 1:40,000

* Over 13,000 photos to cover the state of Utah

* UGS purchased full state-wide stereo coverage for $14,000




Digital ortho

quad from 2009
NAIP imagery

Santa Clara, UT
quadrangle

Digital Orthophoto




Digital Orthophoto

Digital ortho

quad from 2009
NAIP imagery

Santa Clara, UT
quadrangle

Region of
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Enlarged region of interest from 2009 digital ortho




Digital Stereo Pair
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Stereo pair
from digital
aerial camera,

Surdex Corp.,
2009 NAIP
Imagery.
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Digital Stereo Pair

To see 1n stereo,

the images must

be viewed from

left-to-right, with
overlap in the
center, so they

have been rotated
90°.

Direction of flight




Digital Stereo Pair

Standard

overlap for stereo
pairs 1s between

50-60%.

For 1llustration
purposes, the
1mages are
overlapped to
show that extent.

This area is will

be used to create
the stereo model.




Digital Stereo Pair
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the stereo model.




Digital Stereo Pair

Standard Rl 3 Pt o8
overlap for stereo ¢ & At this point the
pairs is between - .« stereo pairs are raw,
50-60%. Y & o= A - uncontrolled
For illustration 35 .. | . 1mages.
purposes, the § 7 el sl . 4 Three orientations

1mages are L A T M‘i\‘s‘ig are needed to create

overlapped to W ey — it the controlled stereo
show that extent. " 4o ot ¢ N I models.
This area 1s will ‘

be used to create
the stereo model.




Digital Stereo Model
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After the

photogrammetric
orientations are done, a
new controlled stereo
pair 1s created.




Digital Stereo Model

It doesn’t look like

much from this screen
capture, but this 1s
what 1t looks like when
viewed 1n stereo using
VrTwo, the
photogrammetry
software we use at

UGS.




State-Wide Stereo Model Index

With 13.000 stereo models, we need an imdex!
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State-Wide Stereo Model Index
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2009 Utah State-Wide Stereo Index.mxd - ArcMap - ArcInfo
File Edit View Bookmarks Insert Selecton Geoprocessing Customize Windows Help
O S LEARX D > 8D -|[1:289974 'l : Layer: [@ CountyBoundaries_Utah o & & | 22500 3: Pl : Georeferencing * Layer:|Compressendsaic_1GlT\JP9 Q- AE B
{ Edtor | G[RM | 2 20 412 3 Nilach £ QB BiATN 3412 A smmng- O & [O]d]y
® Table Of Contents §4-107-108 16-110-109 17108410 18-108-110 rt0e 07 R 21103118 2203410 A 1241 24412113 Create Features
1540b 402 26111412 g~ MICVE N E 1
Q (B R 17-108-108 18-108-109 e 21408407 22108409 2411410 Zz CountyBoundaries_Utah g
N 15-107-106 18-107-108 26-110-111 — =4
£
Q §4-105-106 16-108-107 17-107-108 18-107-108 20105.106 21107106 22-107-108 l- 24-110-111 DCountyswndanes_Utah ==
19-106-105 p
H- 4100 itle S SKm 'eﬁlt@; 106 Smeiter Quads24k_Nad27
14-104- E 18-106-107 Delta 21 22406107 21-109-108 =
Drum Pass 3 17-108-1#€nolls Suthegand e 21-106-105 0.
o 20-104-105 Stron 26-1)9-108 8
] 15-105-104 West East! NE g Northu_ Quads24k_Nad27 g
p- §4-103-104 16-106-105 TR 18-105-/06 21-105-104 22405106 2-108-107 i Quads24k_Nad27Anno L |
=l M Quads24k_Nad27 15160103 19-104-103 AP0 100 e A = ]
= 14-102-103 16-105-104 T 21107106 2407108 Default el
Rﬁ StereoModelsAnno 17-104-105 T 19-103-102 20-102-103 21104103 3 26-107-106 2
< g
Model Status 2E106100; 3
f14-101-102 16-104-103 73106105 =
By Status 1710310 1803 104 20103102 2403104 2405105 =
15-102-101 19102101 20:101°102 24105106
% Major Parallax e 100101 s
& Manual Setup s 18102103 21402401 22102103 eiod 26-105-104
< Complete = 19-101-100 20-100-101 24104105 25105
i 102101 Crafts 23104103 .
" y : i 26-104-103
I o control Knoll 174101-1ppke | 18101102 21401430 Pt Oak City e 2 Ylliams €
(S Bad Control South eak 1
I Paradox 16-101-100 23-103-102 26-103-102
(] = O StereoModels 17-100-101 e Toomon 20.099.088 -- 2 2102403 25103102
7 3402101 26-102-101
Z - e [P ST
.ameral
O] OriginalLines ; Lt R —— w— i = ) — 26 {ns.400
ls.096.09 ” 099098 24-100-101 25-101-100
pas @ Maj 6058089 17-093-098 18-098.099 21097038
ad B B4 Major_Lakes_Utah 15007096 13-097-096 20-097-096 L. ]
}4-095-096 A o
.098-09 240991 25-100-099
M 0 AT Blodks e | - 19.097.098 sgsesy | 2098097 o0
. 15-036-035 19-096-035 20096033
P O FlightLines Long Rocky Pot Sunstone avant !’J—MD . - 26-193-098
3 O Mosaics e Knofp-096-097 roduntain  1g.0s-007 Knoll Butte 21095496 2006 Uggings-098-089 508t s
XY 15-095-094 19-095-094 20-095-04orth Cornick y Creek Pass 26398097 S
= 14.093-084 2409 25-098-087
@ e 18.093.096 22096095 PR
i 17-096-095 . _—_— 210944195 26h97.096
002058 16-094.095 22085058 f-097-0%6 e 25-097-096
ol 17095004 12031005 NNl . ... 21093094 D
4091082 . _ f 2403509 b
17-034-093 AR RE 21092093 2034083 26095094
20-092-091
15492091 19-092091 e 25-095-094
}4-090-09 24094095
| : B e | e nangn | 2o [d=="]
= Long 15:191-090 Red 17- Clasge1os 20091588y ant H N 25094093
= | RiglgnoSE P. Neels B The 24093094 Coffee
x 85846 091092 Lake uitte BRHR091 Holden
— 15:190-089 17092091 P 20000.039uth  21-030-091 25FeR
23093092
Ty }4-088-089 ety E ]
i 16-090-091 22.091090 25.092-091 EO
= 15089088 17-091-090 18-080-091 e ere 21083 090 =
M| 19-089-088 23-092-091 24091092 26.091-090 -/ Construction Tools
h4-087-088 16.089.08 25091090
15} 190089 0000 000 24.000 029 22990069 Select a template.
088-087 19-088-087 20088087 23091080 2090031 2090089 '
4-086-087 16-085-089 P D
17-089-088 18-018-089 21087088
15.087-086 15.087.086 20-087-086 23090089 e 25.089-088 20005.063
14-085-086 16-087-088 22.000.087
Sevier 15086085 Candland 17-088-087 18-037-088 21086087 24088089 g
L3k NE Sprin Borden Saiighes og5 2Fetetnacle Wead 2089088 250587 l Bet x|
PrinG6.oss-087 Ridae Hill eadow Fillmore L
alen y | 2l
: Drawing~ K (=) &[0 - A ~ 7<|[l0) Andalus ;llstjnng-&vﬁ-'-i Em DB E SRS T 2 EEDALASY

369051.924 4344297.603 Meters 4




State-Wide Stereo Model Index

$ 2009 Utah State-Wide Stereo Index.mxd - ArcMap - ArcInfo
File Edit View Bookmarks Insert Selecton Geoprocessing Customize Windows Help

ORES LR X9 | adb-|[186338 vl . -n--D }u u') : Layer: [@ CountyBoundaries_Utah o 4] =S = | i‘;(;eofeferencing' Layer: |CompressedMosaic_16m jpg A~ 1/+E,-J
{ Edor ~ HE’ oAl IS /2 BEIBRi® Lo | % @ I WisnamnngEauuj

....... e - EEE—

= . 308 £23-102-101 - e 208
é‘i s Eounwaounuanes_umh 21-098-099 24-101-102 —

= [ 2009_photocenters Quads24k_Nad27

+

S uawadzmno : 23-101-10U
& @ Qs a7 22-099-098 24-100-101

StereoModelsAnno 21 -097 -( '98
El M Model Status
Status

Major Parallax : !3 '1 0 0 '09 9

24-099-100
=yl 22-098-097
S| 29.096-097

5 [ stereoModels

O CameraID 23'099-098

Quads24k_Nad27

Quads24k_Nad27Anno

Default

‘ u:uaas@] ‘ ‘ 50|a;eotgl [ X0Q|O0 [0y ﬂ ‘

N-IEAEY Y F IR RS

O original Lines .
;ﬂ: £l M Major_Lakes_Utah 62%9 096 D u gg I n34'098'099

5l zom 21-095-p96 ornick Creek I
3 23-098-097

) 22-096-095 H09T%8
- 21-094-095

23-097-096
24-096-097
22-095-094

21-093-094 — o
- 23-096-095 S
2 24-095-096

B 22-094-093
& 21-092-093 -
@m Bl&n ﬂ LI

 Drawing~ K () &[] ~ A ~ /< |[0) Andalus ZlpBEzlB 1 U A-O L. - RBGRODESE S ST 0Dt BE02LASE

382220.554 4342656.128 Meters A\




State-Wide Stereo Model Index

$ 2009 Utah State-Wide Stereo Index.mxd - ArcMap - ArcInfo
File Edit View Bookmarks Insert Selecton Geoprocessing Customize Windows Help

HM =] IR WE ] % X| oo @ & - |[1:86.338 'l Gl | gpa | x2 P  Layer: I’® CountyBoundaries_Utah ;l | ] B & | 52 f500 3: ] : Georeferencing * Layer:ICompressendsaicJijpg ﬂ [oR e EEJ
: Editor v S 3 N “ Al | = Erw, N (. e 7= = 3 -
: Editor HEH /o 4l NN ch 2 B @ Bi" N3 A1 @I ] \ g sneppng~ O 8 [O] ]

....... T orcail - EEE—
=T . BB <Search>

R EEETIE 23-102-101
[E] = State-Wide Stereo Index CountyBoundaries_Utah
§ =] ountyBoundanes_Utah 21 _098_ 099 24-1 01 -1 02 DCountyBoundaries_UIah

vE = [ 2009_photocenters Quads24k_Nad27
+

a8 Quad524kj~lad27»\nno Quads24k_Nad27

z |
NEE i 22.099-098 §o-101 Approx. extent of ’ -
21-097-( )8 stereo model

Default
StereoModelsAnno

‘ u:uaas@] ‘ ‘ 50|a;eotgl [ X0Q|O0 [0y ﬂ ‘

R~ = @ Model Status

% 22-098-097

| [ 2 -100-,

o 24-099-100

B o onv 22-098-097
ooER 21-096-( 37
= [ StereoModels

( O CameralD Z; '099'098 .

50w Mc __. Dugging4-098-099
Al oo 21-095-096 Cornick Creek y
s °0 23-098-097

] 22.096-095 24-097-098
21-094-095

- 23-097-096

24-096-097
11 22-095-094

i 21-093-094 R : G0
= 23-096-095 e e

= 24-095-096

22-094-093
& 21-092-093

@m gal=&n ﬂ LIL]
 Drawing~ K (=) || [J - A ~ 7<|[0) Andalus el B 1 UIA-D 2. . " ER RO E| SR & S i o e d HE 0|2 48NS

382220.554 4342656.128 Meters A\




State-Wide Stereo Model Index

$ 2009 Utah State-Wide Stereo Index.mxd - ArcMap - ArcInfo

File Edit View Bookmarks Insert Selecton Geoprocessing Customize Windows Help

NpEaS AR X |9 > 8 d-|[186338 'l . -n--D ;9“ k'7  Layer: I’® CountyBoundaries_Utah o & & | 52 f500 3: i‘;Geofeferencing' Layer: | CompressedMosaic_16m jpg ﬂ(')' ‘fEiJ
o - HE* R N PN = R R e e L Wésnamvoaauuj

....... e - EEE—

= . 308 £23-102-101 - e 208
é‘i s Eounwaounuanes_umh 21-098-099 24-101-102 —

= [0 2009_photocenters Quads24k_Nad27

Quads24k_Nad27

- 23-101-100
= M Quads24k_Nad27 . ? Left 24-1 00-1 01
2 g a1 21-097-0% Flight Photo Right

MS::;:J;arallax I ne P hOto '1 00'099

Manual Setup

Quads24k_Nad27Anno

Default

‘ u:uaas@] ‘ ‘ 50|a;eotgl [ X0Q|O0 [0y ﬂ ‘

N-IEAEY Y F IR RS

\il

2l | %o it B | E¢

- 22.098-097 24-099-100

Bad Control

- Paradox

5 [ stereoModels

[ cameralD
[ original Lines
= Major_Lakes_Utah

[0 AT_Blocks
O FilightLines
O Mosaics

21-096-097

21-095-0)96

62%9 096

ornick

23-099-098

23-098-097

DugQgin24-098-099
Creek

24-097-098

) 22-096-095
- 21-094-095

23-097-096
24-096-097
22-095-094

21-093-094 i

-/ Construction Tools

:‘:: 23-096 -uso Select a template.
=21

24-095-096
= 22-094-093
& 21-092-093

& =
wl Ble"ﬂ LI

 Drawing~ K () &[] ~ A ~ /< |[0) Andalus ZlpBEzlB 1 U A-O L. - RBGRODESE S ST 0Dt BE02LASE

382220.554 4342656.128 Meters A\




State-Wide Stereo Model Coverage




State-Wide Stereo Model Coverage
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State-Wide Stereo Models

What’s the benefit of all this?

* You can view stereo models from any area of Utah.
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State-Wide Stereo Models

What’s the benefit of all this?

* You can view stereo models from any area of Utah.

* Tremendous cost savings by not purchasing expensive photo
coverage at the Air Photo Field Office.

* No more laborious job of establishing ground control.

* The system can benefit anyone who has a need to map on a 3-D
surface, 1n stereo.

* Approx. 500 custom geologic mapping functions in VrTwo.
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You too can be stylin'




Questions?

Kent Brown
Utah Geological Survey
kentbrown@utah.gov
http://geology.utah.gov




